The advancement of polymer nano-composites has been motivated by the need for materials with a specific combination of mechanical properties beyond those achieved from only one material.
Introduction
Integration of reinforcement into polymers at the nanoscale can provide a signicant increase in numerous physical and mechanical properties of polymer nano-composites. [1] [2] [3] [4] [5] The high strength to weight ratio of polymer nano-composites and their ability to exhibit exibility by manipulating their mechanical properties are the main reasons attracting the interest of researchers and extensive research has been dedicated to this eld in the past couple of decades. 6, 7 The mechanical properties of polymers can be modied by using numerous bres and particulates and the small-sized nano-llers have surpassed the large-sized reinforcements.
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There are many applications in which polymer nanocomposites are either directly or indirectly exposed to certain liquid media conditions. The main drawback of polymeric materials is the loss of inherent mechanical properties caused by exposure to liquid media, such as marine environments, where the properties of polymers are strongly inuenced by the seawater having a medley of various salts.
11-14
a Universiti Kuala Lumpur Institute of Product Design and Manufacturing (UniKL IPROM), 56100 Cheras, Kuala Lumpur, Malaysia Similarly, organic liquids can cause cracking at very low stress levels in semi-crystalline, amorphous, and high crosslinking polymers. [15] [16] [17] In the last few years, the effect of water or chemical medium on the mechanical properties of thermosets were studied particularly in the eld of piping, marine, medical, coating and automotive industries. [18] [19] [20] [21] [22] [23] [24] For example, unsaturated polyesters are brittle due to their high cross-linking level and vulnerable to stress cracking failure and degradation in mechanical properties in applications where contact with liquid is unavoidable.
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Immersion or direct contact with uid medium as in case of bottles, vessels, and pipes are the common sources of uid contact that can cause degradation in mechanical properties. 24, 26 Depending on their applications and type of uids involved, primary source of uid contact will denitely accelerate the stress cracking failure of polymers. In some cases, there is also source of secondary uid contact, usually through detergents, lubricants, paints and coatings. 27 Although various review articles are available on mechanical properties of polymer nano-composites, however, no article is yet published to the best of our knowledge where mechanical properties of polymer nano-composites are correlated with the liquid media and their inuence on stress-cracking properties of polymer nano-composites. Therefore, this review article discusses in detail about how the polymer nano-composites behave in the presence of liquid media and rationale behind their peculiar behaviour.
Liquid media and polymer degradation
The in-service degradation of mechanical properties of polymers is an important aspect which limits the applications of these versatile materials. 28 Polymer degradation is the deterioration in the properties caused by environments and service conditions, and normally limits service lifetime. 29, 30 Polymer degradation and failure caused by liquid medium can cause life threatening accidents. In 1996, a baby was fed via a Hickman line and suffered an infection, when new connectors were used by a hospital. 31 The reason behind this infection was the cracking and erosion of the pipes from the inner side due to contact with liquid media. It was reported that the baby suffered from brain damage and later the mother decided to le a legal case of medical negligence (usage of inappropriate medical device) in 2002.
31 Fig. 1 shows Hickman IV line tted with polycarbonate (PC) connector composed of polycarbonate which undergoes brittle failure. This type of brittle failure caused by environmental stress cracking (ESC) can be life threatening to patients vulnerable to infections. As alternative, poly(methyl methacrylate) (PMMA) is also used when transparency is required. Both PC and PMMA are prone to ESC failure due to their molecular chain structure that can be easily disentangled when subjected to stress and liquid media. Since the applications in medical devices are vital, any crack or damage will be life threatening to users. Fig. 2 shows macrograph of brittle cracks from gate in male luer of connector.
31 It can be observed that the cracks exist in male luer of connector as a result of stress cracking failure aer exposure to liquid media in the hospital. Although in certain cases the secondary uid contact is less severe than that with primary uid contact, however, both can lead to catastrophic failure and degradation of the polymer properties. For instance, moulded polystyrene eyes for teddy bears became 'milky' as the subject underwent cataracts. 27 In another example, failure of polyethylene aer exposure to liquid media has been identied and reported in several publications.
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22 Fig. 3 and 4 show the cracked mirror housing and headlight lens. Fig. 5 shows an SEM image of the headlight lens with an intersecting network of cracks which indicates that the lens underwent brittle fracture.
Fibre and particle reinforcement
Fibre and particulate reinforcements are commonly used to improve the mechanical properties of polymers. [35] [36] [37] [38] [39] It has been shown that brous reinforcement shows a greater ability to resist crack propagation than particulate reinforcement. [40] [41] [42] [43] [44] 3.1 Polymers reinforced with conventional and natural bres Conventional bres or synthetic bres such as carbon bre, glass bre, Aramid and Kevlar are widely used in various engineering applications. [45] [46] [47] [48] [49] [50] [51] High stiffness and excellent strength properties are two important factors that make the applications of these bres favourable. Natural bres with their long history of serving mankind are very important in a wide range of applications, and they compete and co-exist in the twenty-rst century with man-made bres, especially as far as quality, sustainability and economy of production are concerned. The applications, advantages, and drawbacks of both types of bres are illustrated in Fig. 6 . Carbon bre, glass bre, Aramid and Kevlar are high strength bres and have found many applications such as aerospace, construction, automotive, sports, marine and pipes. 52 Carbon bres which were developed in the United Kingdom in 1960s are widely used as reinforcement in polymer nano-composites 53 and are recognized for their high strength (3.5 GPa). However, they show a high degree of brittleness having Young's modulus around 143 GPa and when they are used as reinforcement in polymers, the properties of composite system are highly propitious and currently carbon bre-polymer composite systems are extensively used in automotive, aerospace, sporting goods and textiles. [54] [55] [56] [57] [58] [59] Glass bre is another brous reinforcement which is extensively used to produce polymer composite materials. One of the factors which led to widespread application of glass bre was the invention of proper heating and cooling technology which allowed its mass production. 60, 61 The bre sizing is the most important component in the manufacturing process of a glass bre. 62 It is the most common type of reinforcement in polymers due to its low cost and superior mechanical properties. 63, 64 Recently, graphene has fascinated academic and industrial interest since it can produce a remarkable improvement in properties at very low content. 65, 66 Graphene has found applications in electronics devices, energy storage, sensors, and biomedical applications. [67] [68] [69] [70] [71] [72] Graphene may be preferred over other conventional llers owing to its high surface area, tensile strength (TS), thermal conductivity and electrical conductivity. [73] [74] [75] [76] [77] [78] In the past, carbon nanotubes (CNTs) gained much attention due to their superior mechanical, thermal, and electrical properties.
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Moreover, CNTs have been broadly used in a range of applications such as biomedical, structural, electrical circuits, actuators, hydrogen storage and many more. [84] [85] [86] [87] The dispersion state of CNTs and interfacial interactions are most important parameters in CNTs-polymer nano-composites.
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It is widely believed that using nanollers, such as CNTs, graphene, and nanoclay, the mechanical properties of polymers can be improved to extreme values. However, the reported values do not reect the expected level of improvement which can be attributed to poor dispersion state of the ller, agglomerates which act as stress raisers, and weak interfacial interactions. Schaefer and Justice have studied in detail the polymer nanocomposites and reported the presence of large-scale disorder that is common in nanocomposites regardless of the level of dispersion, leading to substantial reduction in mechanical properties. 95 They further reported that even in nanocomposites, microscale structures are present which signicantly inuence the mechanical properties of nanocomposites.
Over the last two decades, natural bres are evolving as better option to replace the conventional bres in many applications.
96 Natural bres are produced by using traditional manufacturing techniques such as resin transfer moulding, vacuum infusion, injection moulding and many more.
96 Natural bres such as hemp, 97, 98 sugar palm, 99-102 coir, sisal and jute [103] [104] [105] have attracted researchers to extend their usage in civil engineering applications.
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Particulates reinforced polymers
The interest in particulate reinforced polymer nano-composites has signicantly increased and rst particulate reinforced polymers used mineral particles as llers. 53 Some of the earliest work on inorganic toughening was achieved in 1987 at Toyota.
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The particulate reinforcements can improve the stiffness, creep resistance and fracture toughness of polymers. 116, 117 Evidently, it was observed that mechanical properties of polymer nanocomposites are inuenced by several factors such as shape, size, aspect ratio and the dispersion quality of reinforcing particles. [118] [119] [120] [121] [122] [123] [124] [125] The mineral particles were rst used as cheap llers and additives since conventional polymers were rst created. For example, talc and mica from silicate-based minerals with layer-type structures were used in the form of thin platelets. 53 The nano-composites produced using mineral particles are easy to process and allow higher ller content and cause signicant increase in stiffness and strength of polymers. 53 In the development of polymer nano-composites, the incorporation of nano-particles has been widely investigated employing numerous experimental setups and research methods.
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Other materials used in nano-reinforcement of polymers are layered silicates and ceramic nano-particles such as SiO 2 , TiO 2 and CaCO 3 .
129-131 Addition of layered silicate to natural rubber and polyurethane were found to improve stiffness and strength. 132 Apart from that, it has conclusively been shown that the Young's modulus of nano-composites escalated ve times with the silicate based reinforcements. Table 3 shows prominent studies that have been carried out using various types of llers to improve mechanical properties of polymer based nano-composites.
Effects of liquid media on mechanical properties of polymer nano-composites
The following section discusses the effect of liquid exposure on mechanical properties of polymer nano-composites. In general, the liquid media can be classied into three categories; nonaggressive, moderate, and aggressive media. The polymers are more vulnerable to liquids with hydrogen bonding and are classied as aggressive media.
Water
Water has neutral pH, due to its inherent hydrogen bonding; water can lower the mechanical properties of the composite by plasticizing the matrix and reducing the interfacial strength of the matrix and reinforcing additive. In real application, thermosets based polymers such as epoxy and unsaturated polyester also suffer mechanical properties degradation when exposed to water as in marine and automotive industries. [18] [19] [20] [21] [22] 134 The water may penetrate into the polymers and polymer nano-composites by capillary action and may signicantly affect the polymer chains and interphase.
135 Table 1 shows some of the prominent researches that have been carried out to study the effect of water on mechanical properties of polymer composites. There is consensus in the reported literature that water can signicantly degrade the properties of polymers and polymer nano-composites. Normally, the absorption rate increases with longer immersion time. The reaction between water molecules and polymer matrix causes deterioration of interphase which has a detrimental effect on the mechanical properties.
The primary reasons for the lower mechanical properties are, matrix swelling, interphase debonding, physical damage of the interphase, and hydrolysis of the material by water.
14 GarciaEspinel et al. 136 have associated the reduction in tensile strength and exural strength of epoxy/glass bre with the water absorption and reaction between water and composite material. This nding was supported by other researchers as well.
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Rull et al. 140 were able to reduce the water absorption and increase the mechanical properties such as tensile and exural strength of glass bre-polyester through uniformly dispersed clay in the nano-composites. A small fraction of nano-clay was used to provide resistance towards humidity and liquid. If nanoclay is used more than 1 wt% it tends to agglomerate and consequently increases the water absorption and reduces mechanical properties.
18 Table 2 shows the tensile strength of the nano-composites aer certain period of immersion in water. It can be seen that the breaking strength and tensile stress signicantly reduced as the nano-composites suffer physical damage.
Huang and Sun, 14 in their study demonstrated that water was found to cause delamination between bre and matrix aer water immersion. They found that the tensile strength of glass/ polyester composites was decreased as a result of hydrolysis of the material and physical damage of interphase. This was caused by polymer debonding between matrix and glass bre. Fig. 7 and  8 show the SEM images of broken samples before and aer water immersion. It was examined that delamination between the bre and matrix occurred which explains the reduction in tensile strength of the glass/polyester nano-composites. sugar palm reinforced polymers showed improved mechanical properties and high resistance against seawater. 101 Sugar palm trunk recorded lowest seawater absorption (0.39%).
102 Nonetheless, this material (Arenga pinnata) remains unknown by many people due to limited information available. Since this material is biodegradable, it is compelling to investigate whether it has the capabilities to be used as an environmental stress cracking resistor in polymers.
Joseph et al. 141 have shown that sisal bre reinforced polypropylene nano-composites when exposed to water, underwent interfacial failure that can be attributed to plasticisation caused by water which degraded the bre-matrix interfacial interactions. Zainuddin et al. 142 have shown that mechanical properties of nano-clay lled epoxy nano-composites degraded when exposed to water with a direct relationship to exposure time and temperature. It was found that 2 wt% nano-clay reinforcement showed optimum mechanical properties compared to neat epoxy. This nding is in agreement with other researchers.
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Dhakal et al. 98 produced hemp-polyester nano-composites and studied the effect of water on the mechanical properties of produced nano-composites. They observed that water uptake increased with increasing volume fraction of the bres. Fig. 9 shows the tensile stress of for hemp bre-polyester. The tensile stress increased 22% for 2 layer hemp bre aer water immersion. The tensile stress was decreases 38% and 15% for 3 and 4 layer reinforced hemp. For 5 layer hemp, the tensile stress was found higher than specimens tested in air. The gap between bre and polymer probably lled by the water therefore lead to the improvement of tensile properties as also reported in other literature. 149 Fig . 10 shows the exural strength of the composites. Water absorption caused weak bre-matrix interface which can be associated with the decrease in exural stress.
Alamri and Low 150 produced nano-clay-epoxy and studied the swelling behaviour in water with time as shown in Fig. 10 . They observed that weight gain decreases with increasing nanoclay content. Ollier et al. 18 also reported a decrease in weight gain with increasing content of bentonite clay in polyester resin. The nano-clay acts as physical barrier and stops water molecules to penetrate through.
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In another major study by Athijayamani et al. 153 found that water decreased the tensile and exural strength of roselle reinforced polyester.
In comparison with unexposed composites, 7% tensile strength reduction was observed in case of 10 wt% roselle reinforcement. In case of 30 wt% of roselle reinforcement, the tensile strength was decreased to 11.7%. Flexural strength of the composites also decreased when exposed to water. In case of 10 wt% of roselle, 5.7% of exural strength reduction was observed. About 8.6% exural strength was also found decreased with the water uptake by 30 wt% roselle/polyester composites. In this particular study, it can be observed that water reduced the tensile and exural strength of the composites.
Aggressive liquids
In some applications, the contact with aggressive liquid media is inevitable such as automotive applications where the components are exposed to industrial chemicals (gasoline, windshield liquid and brake uid). 156 Residual stresses are generated during injection moulding process to produce polymer components. These residual stresses when combine with aggressive liquid media can cause unexpected brittle failure. [157] [158] [159] [160] [161] This phenomenon is known as environmental stress cracking (ESC) or sometimes described as environmental Fig. 8 Broken section of glass/polyester composite after 21 day immersion in water.
14 Fig. 9 The tensile stress of hemp fibre reinforced unsaturated polyester. assisted cracking. [162] [163] [164] It is dened by premature initiation of cracking and embrittlement of plastics as a result of concurrent action of stress and strain in contact with certain uids. 22, 27 In simpler terms, it is a slow crack growth. [164] [165] [166] [167] [168] As it involves liquids, therefore, it is also called as stress corrosion of polymer in solvents. 169, 170 For a given polymer, certain liquid media can cause ESC soon aer they come in contact. Such liquid media are called as ESC agents for those polymers. In general, the liquid media with hydrogen bonding show a higher tendency to cause ESC in polymers and therefore care must be taken to avoid the contact with such liquid media. Table 3 shows the research conducted to study the inuence of liquid media on the degradation phenomenon of polymer nano-composites. In general the work carried out can be divided into two main categories;
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(a) The effect of liquid media on the engineering properties of polymer nano-composites.
(b) The inuence of particles and bres to resist stress cracking failure.
Based on literatures, it can be seen that many works have been carried out to study the effect of liquid media on environmental stress cracking failure of polymer nanocomposites.
Mechanism of ESC
The ESC typically takes place in amorphous polymers because of their loose structure which enables the uids to permeate into the polymer.
27,171 The amorphous thermoplastics have also shown high sensitivity to ESC. The locally dissolved aggressive liquid can cause crazing, cracking, and plasticization. 172 Crazes are extended areas gathered by highly drawn brils which link the micro-cracks and stop their movement and combination. 162 
Gent
173 proposed that hypothetical mechanism of crazing is associated with the stress-activated devitrication of a small amount of material at the tip of a aw to a soer rubbery state. This mechanism is similar to what has been reported by Knight. 174 The following points can be drawn from the existing reported research on the mechanism of ESC.
(a) The application of hydrostatic pressure can stop the craze development.
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(b) Temperature inuences the crazing stress. Increasing the temperature up to T g will reduce the craze and then level off.
27
(c) The tensile stress at which crazes form is much lower in the presence of certain active liquids and vapours.
(d) Crazes do not develop in materials with prominent molecular orientation of the tension but develop when it is perpendicular to the tension. 174 Hansen pointed out that the solubility parameters have three categories of interconnected forces; dispersive, polar, and hydrogen bonding. 27, 175 The presence of hydrocarbon liquid can signicantly inuence the viscoelastic properties of biodegradable polymers. Widiastuti et al. 176 reported that there is consistent decrease in modulus with an increase in hydrocarbon liquid content even at 40 C. In some cases, nonaggressive chemicals can also accelerate brittle failure. 177 It was shown that the porosity in unsaturated polyester creates space between matrix and bre. The porosity allows the liquid media to diffuse into the nano-composites which can create large internal stresses before failure takes place. 98, 144, 178, 179 The ESC in polymers and nano-composites has also been studied for biomedical applications such as surgical, respiratory, drug delivery and IV access. [180] [181] [182] [183] The glassy polymers such as polycarbonate and PMMA are extensively used for biomedical applications. Wright 27 has shown that residual stresses during injection moulding process are responsible for causing ESC in polymers. The residual thermal stresses are also found in polymers arising from temperature gradients during the fabrication process. 156 Isayev 184 has revealed that the residual thermal stress is of parabolic shape with compression mode on the surface which shis to tension mode in the core. A number of molecular mechanisms have been proposed responsible for ESC such as "interlamellar failure". 185, 186 4.3.1 Organic solvents. The main characteristic of stress cracking agent is essentially identied by liquid diffusion through the craze bril structure. 163 Once the liquid penetrates to the craze tip, it then starts to plasticise the polymer and permits the craze to develop. The degree of absorption of a liquid media into polymer is a function of solubility parameters of the liquid and the polymer. 175 The organic solvents can signicantly deteriorate the mechanical properties of polymers. From the tensile tests performed, Alimi et al. 187 have reported that elastic modulus of high density polyethylene (HDPE) decreased up to 64% when exposed to toluene and methanol for seven days. The toluene-methanol mixture was signicantly reduced the structural integrity of the specimens. Moreover they also suggested that crystallinity gradients responsible for the poor mechanical properties. Dashtizadeh et al. 188 observed the surface hardness, stress cracking resistance and glossiness of acrylic resin nano-composites under severe environmental conditions. They observed that mechanical properties signi-cantly deteriorated when the samples were exposed to acetone and toluene as a result of liquid penetration into the matrix.
4.3.2 Detergent. Detergent like Igepal has been used in many studies involving environmental stress cracking. This liquid has been used widely to test the products durability in packaging and pipe application. 189 This liquid has two signi-cant effects:
(a) Accelerates crazing by plasticizing the amorphous region of the bulk polymer. Exposure of polyethylene (PE) to stress cracking agents such as detergents will cause brittle fracture of PE under external loading. 163, 189 The crack development under ESC environment is shown in Fig. 11 where micro-cracks are rst initiated which coalesce and cause brittle fracture under the inuence of applied stress. 156, 190 In thermoplastic polymers, the molecular chains are bonded via weak van der Waals forces or hydrogen bonding and exhibit high mobility hence easily disentangled when subjected to stress. This phenomenon is characterized by multiple cracks, smooth morphology, craze remnants, stretched brils, and alternating bands. 22 When an amorphous, semicrystalline, and unsaturated polyester based product is in contact with a uid, it can crack instantly or even break at low stress. Chen 191 investigated the effect of Igepal CA 630 solution on HDPE/EVA (ethylene-vinyl acetate) and LDPE/EVA blends by using Bell Telephone test. The solution caused the detachment of EVA phase from the matrix. Stress concentration gives rise to cracking and formation of micro-pores inside the blend which produced higher stress concentration between the particles.
The micro-porosity may hamper crack propagation as tip of the cracks is blunted when they come in contact with pores as shown in Fig. 12. 4.3.3 Acid medium. In most recent study by Farias et al., 192 poly(3-hydroxybutyrate) (PHB) was immersed in sodium hydroxide (NaOH) environment followed by tensile testing. The exposure of the sodium hydroxide did not signicantly reduce the Young's modulus. Plasticization which normally soens the polymer structure did not occur as it can be seen to polymers exposed to water. However the signicant effect of sodium hydroxide was observed on the tensile strength and strain at break. Compared to unexposed samples, 30% of tensile strength and 40% of strain were found decreased as a result of the sodium hydroxide exposure. In addition, when the samples tested in slower crosshead speed, the tensile strength reduced to 60% and the strain at break was reduced 70%. The duration of liquid media exposure and stress facilitate crazes, cracking and disentangle molecular structure. 193 Although ESC can occur in air, however, it is signicantly increased in the presence of media. Farias et al. 192 evidently shown that NaOH solution caused a signicant deterioration in the mechanical properties of poly(3-hydroxybutyrate). Muhammad et al. 194 in their study on mechanical properties of hybrid glass/kenaf bre-reinforced epoxy. Their analysis showed that acid medium and base medium exposure towards epoxy/glass composites reduced the exural and impact strength. This also accords with earlier observations by Bonnia et al. 25 which discovered the effect of acid medium on rubber reinforced polyester/kenaf composites. They reported on the comparison of the stress values of composites over time to failure between dry and immersed specimens in acid medium. In general they agreed that when the polymer composites exposed to acid medium, the stress required to break the specimens was reduced compared to those tested in air. Ruban et al. have reported that unsaturated polyester (without reinforcement) showed higher resistance to liquid media (acetic acid, nitric acid, and sodium hydroxide) than when it was reinforced with nano-clay. 195 The expanded clay caused polymer swelling in nitric acid and aqueous ammonia. From their chemical resistance investigations, the increased of clay content increased the liquid absorption. Fig. 13 depicts the crack growth under tensile stress in glass/ polyester in dilute HCl acid. Akdemir et al. 169 showed that crack proceeds along ber-matrix interface causing delamination. The dimensions of the samples change signicantly because of liquid media, applied stress, crack growth and delamination. 196 The physical effect of the environment on the glass/polyester nano-composites is indicated by liquid and gas absorption followed by the development of swelling at certain rate. Fibre/matrix debonding takes place due to swelling which subsequently increases internal stresses and results in loss of structural integrity. 14, 134, 141, 197 Compared to polymer matrix, the polymer-glass interface and the glass bre reinforcement are considered to be more vulnerable to environmental degradation. 40 ESC becomes feasible when the aggressive liquid diffuses through the polymer matrix via micro-cracks.
4.3.4 Sunower oil and butter. Khodabandelou et al. 198 studied the phenomenon of ESC in sunower oil of HIPS/PE blends. The ESC resistant were analysed in tensile creep tests. Polyethylene (PE) was used to reinforce the composites. The rst major nding indicates that the ESC resistant decreased with the addition of PE as a result of incompatibility between these two polymers. Another major nding which was observed from the morphological analysis suggested that, polymer matrix and PE particles were easily disentangled as a consequence of the weak bonding. Andena et al. 17 reported on the high impact polystyrene (HIPS) bending properties exposed to sunower oil. Before the bending test take place, all specimens were immersed in the sunower oil for minimum one hour. The time of crack initiation and propagation was signicantly reduced when the polymers in contact with the environment (sunower oil). The fracture resistance also lower compared to HIPS samples tested in air. Grassi et al. 120 studied the inuence of rubber particles of high impact polystyrene (HIPS) in the sunower oil and oleic mixture. Between these two liquid media, sunower oil was found to be more aggressive ESC agent. Interestingly, small rubber particles reinforcement reduced the effect of ESC. It was found that HIPS samples with a lower fraction of small particles exhibited better resistance to sunower oil. A number of studies have been carried out to enhance ESC resistance of numerous styrenic based polymeric materials. Incorporation of rubber particles into polystyrene was found to be an efficient method to Fig. 12 The failure mechanisms of LDPE/EVA and HDPE/EVA blends. 
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improve toughness. 199, 200 However further research needs to be carried out to study the effectiveness of rubber particles in reducing stress cracking failure caused by environment. Kjellander et al. 177 exposed polycarbonate to butter and performed 3 point bend ESC testing. Non absorbing chemical like butter can cause ESC to polycarbonates. Butter was found to increase the amount of energetically favoured trans-trans conformation at the polycarbonate surface.
Conclusions
Undoubtedly, exposure to liquid media causes severe degradation of mechanical properties of polymers and polymer nanocomposites. The lowered mechanical properties and ESC are a major concern in the applications of polymers and polymer nano-composites in various applications such as medical, marine, automotive and coating industries. Non aggressive liquid such as water can act as a plasticizer if exposed to polymers for a certain period of time and also responsible for reduction in strength.
Swelling, plasticization, and detachment of bre and particulate reinforcement from the matrix are commonly observed phenomena in polymer nano-composites when exposed to liquid media. Diffusion of liquid via micro-cracks leads to stress cracking which can be avoided by bre and particulate reinforcement. It is interesting to study the stress cracking resistance of polymer nano-composites under external stresses because of complex phenomena happening simultaneously.
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The existing information is denitely inadequate and the lack of sufficient data makes it hard to predict the stress cracking failure of nano-particle reinforced polymers in the presence of liquid media. In that respect, research can be carried out by reinforcing polymer matrix with different bres and particulates to determine the resistance of polymer nanocomposites toward ESC. The understanding of these mechanisms will contribute to the betterment of existing mechanical properties of polymers, particularly for application that are exposed to liquid media.
The nanocomposites have not fullled the expectations due to several factors such as poor dispersion and interfacial load transfer, deciencies during processing, poor alignment, poor load transfer to the interior of ller bundles and the fractal nature of ller clusters. Therefore when the nanocomposites are exposed to liquid media, the degradation of mechanical properties is unavoidable unless the above-stated factors are otherwise.
